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Transesophageal Echocardiography Detects Thrombus Formation
Not Identified by Transthoracic Echocardiography After the
Fontan Operation
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Transesophageal echocardiography demonstrated six instances of
venous thrombus formation in the inferior vena coca, right atrium
and caval-pulmonary anastomosis region in four children after a
modified Fontan operation . Transthoracie surface echocardiog.
raphy failed to identify these thrombi in five of the six roes
because of the posterior location of the thrombus or imaging
interference from surgical hardy are
. These thrombotic episodes
occurred 2 days to 5 years after the Fcntan operation in children
25 to 168 months of age .
Clinical features of compromised cardiac performance with
cyanosis or inadequate perfusion were present during four of the
six episodes . In
two patients, thrombi occurred around traps .
Thrombus formation within the systemic serious atrium or
pulmonary arteries has been reported in patients niter the
Fontan operation (I-6) . Diagnosis of thrombosis usually
occurs after the development of symptoms of pulmonary
embolus and signs of systemic venous congestion . Thrombi
have been demonstrated by surface echocardiography . angi-
ography, nuclear pulmonary flow scans and at autopsy 11-7) .
Transesophageal echocardiography is a more sensitive tech-
nique for detecting aerial thrombi than routine surface echo-
cardiography in adult patients (8-10) and may be diagnostic
of pulmonary artery thrombosis (11) . With the recent devel-
opment of a miniature pediatric transesophageal echocardio-
graphic probe, this approach can now be used in small
children after a modified Fontan operation when the clinical
suspicion of thrombus formation or pulmonary embolus
exists (12,13).
We report the transesophageal echucardiographic detec-
tion of intraatrial and pulmonary artery thrombus formation
in six instances in four children at difi'elem times after a
modified Fontan operatiu .l . !u five of the
s
i cases, standard
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venous permanent atrial pacing leads
. Therapy to eliminate
thrombus included surgery (two caws,
anticoagulation with
searfarin (Ihrer cases) and streptokinase thrombolysis lone case) .
Disappearance or the thrombus was confirmed by transesophageal
study in three of the four cases with follow-e-, echnrardicgraphv .
Transesophageat eehocardingraphic demonstration of a trial
and pulmonary thrombi that could not be seen by transthorache
imaging suggests that these thrombi near with greater frequency
in patients who have undergone the Fenmn operation than was
previously suspected.
(l Am Call Cordial 1991 ;18x733-7)
transthoracic echocardiography failed to demonstrate evi-
dence of thrombosis, and in the sixth it provided incomplete
definition of the extent o ; thrombosis .
Methods
Echocardiographic technique, Transthoracic echocar-
diography was performed before transesophageal echocar-
diographic examination in each case . Informed consent for
transesophageal echocardiography was obtained from all
patients or their parents. Studies were performed in either
the operating room . intensive care unit or catheterization
laboratory . Placement of either a 6 .8 mm-diameter 5-MHz
probe (Aloka) containing 24 elements or a 64-element 13-mm
transverse scanning probe was accomplished after general
anesthesia and endotracheal incubation . After the probe was
liberally lubricated with water-soluble jelly, the unlocked
probe was flexed slightly and inserted by locating the tip in
the posterior pharynx with the index finger and directing it
gently into the esophagus . Echocardiographic images were
continuously displayed during insertion to verify the location
or the transducer relative to the heart . The probe was then
advanced into the stomach and trans_eastric short-axis im-
ages were obtained. By gradual probe withdrawal, the
inferior vena cava, right and left atrium, interatrial baffle,
superior vena cava and caval-pulmonary anastomosis were
visualized and interrogated for evidence of clot formation . A
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Table I . Summary of Six Episodes of Thrombosis
in Four Patients
'Patient 3's thrombotic episode oaurred 5 years aver the Fontan openumn. DILV = douhle into let ventdclet F = female . GLH - hypoplastic left heart
syndrome
:IVC =Inferior vem cava : M = male : PA - pulmonary angry : postop = postoperative : PI = patient. RA = right atrium; RPA = right pulmonary angry :
TA = tricuspid anre,ia ; TEE = Imnsesuphageal echocardiography .
complete two-dimensional echocardiographic examination
with Doppler color flow mapping was performed in each case
and all images were recorded on videotape .
Study patients. Between November 1959 and April 1990,
transesophagealechocardiography was performed in a total
of 30 patients who had previously had a modified Fontan
operation. The patients ranged in age from 6 to 235 months
(median 21) . In one additional patient who
had had I,
Fontan
procedure a venous thrombus in the right atrium was de-
tected by transthoracic echocardiography. This patient was
not studied by transesophageal echocardiography and is not
discussed further in this report. No patient who had no
evidence of thrombosis on the transesophageal echocardiog-
raphy study has had documented evidence of thrombosis or
thromboembolism . The clinical features of the four patients
in whom edrombus was detected by transesophageal echo-
cardiography are listed in Table I .
Operative procedures
.
In Patients I and 2, superior ca-
voatriopulmonary artery anastomoiis was performed
. Infe-
rior vena cava blood was channeled within the atria to the
pulmonary arteries by means of a synthetic baffle (14) . In
Patients 3 and 4, an atriopulmonary anastomosis was created
by using the right atrial appendage augmented with pericar-
dium
. The atrial septal communication
was closed and a
bulboventricular foramen was enlarged s urgically . in Patient
3, an atria] transsenous pacing system was implanted I
month after the Fontan operation and a pacing lead revision
was performed 48 months postoperatively and 12 months
before tho thrombus was noted . Patient 4 had an antitachy-
cardia pacemaker with endocardial
leads placed 10 days
before study with transesophageal echocardiography .
TEE Findings
RA and IVC
thrombus.
avitations
Thrombus, atria) RPA
anastomosis
Thrombus. RPA
Thrombuss high right
atrium
Thrombus mxnenor
right atrium . RPA
and an pacing lead
Multiple thrombi on
and by pamr lead
in right atrium
Case Reports ('fable
1)
Patient I (Fig. I and 2)
.
After a complete Fc .tlan opera-
tion in this patient. low cardiac output was progressive an
postoperative day 2 . Transthoracic echocardiography was
inadequate to allow definition of the atria and the caval-
pulmonary artery anastomosis is part because of the chest
and mediastinal tubes and iruncal edema. The patient under-
went revision of the Fontan anastomosis . Transesophageal
echocardiography performed intraoperatively showed spon-
taneous microcavitations within
the atrial baffle
. Multiple
thromboses were seen at the inferior vena cava and within
the atriopulmonary baffle (Fig .
1).
At operation, laminar
thrombus was found adherent to the entire atria] wall and in
the vena cava . After surgical clot removal and surgical
Figure 1. Patient I . Transverse wan through the inferior vena cava
(it . A large thrombus (arrow) is seen projecting into the lumen of the
vena cava.
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Figure 2 . Patient I . A large thrombus (T) is seen arising from the
anterior wall of the proximal right pulmonary artery (P) adjacent to
the caval-pulmonary anastomosis
.
revision to exclude inferior vena cava blood flow from the
pulmonary circuit, directing it to the native atrium and
systemic ventricle, the patient made an uneventful recovery
(14) .
Two months later, acute respirarorr distress
rrirh
revere
hypoxia occurred . Transthoracic echocardiography showed
good ventricular contractility with no evidence of thrombus :
however, the caval-pulmonary artery anastomosis could not
be visualized . With use of transesophageal echucardiog-
rphy, a large thrombus was detected distal to this anasto-
mosis and extending into the right pulmonary artery (Fig
. 2) .
Doppler color flow mapping showed flow acceleration due to
severe narrowing of the blood flow pathway through the
lumen of the right pulmonary artery as a result of the
thrombus. Peripheral intravenous streptokinase infusion
(1,000 U/kg body weight per h) administered for 72 h .
resulted in marked improvement of arterial oxygen satura-
tion . Repeat trnsesophageal echocardiography and Doppler
color flow mapping subsequently showed complete resolu-
tion of the thrombus and restoration of full blood flow in the
right pulmonary artery lumen
.
A third episode of thrombosis occurred 8 ntondts later
despite antiplatelet therapy it idt aspirin . The patient devel-
oped head and neck swelling with cyanosis . Transthoracic
echocardiography again failed to visualize the caval-
pulmonary artery anastomosis Trisesophageal echocar-
diagrphy . however, showed the presence of a thrombus on
the posterior wall of the right pulmonary artery proximal to
the superior vena cava anastomosis . Treatment with war-
farin anticoagulation resulted in gradual improvement of
arterial saturation . No repeat transesophageal echocardio-
graphic study was performed .
Patient 2. In this patient, a thrombus of the right atrial
wall within the atriopulmonay baffle was noted by trans-
esophageal echocardiography before emergency recatheler-
FYFE ET AL
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ization for postoperative low cardiac output . The thrombus
was not demonstrated on transthoracic echocardiography .
The catheterization
. which was limned to angiogrphy from
the femoral sheath to avoid dislodging the thrombus, showed
a narrowed area of the baffle within the atrium . Surgical
revision of the cavoatriopulmonary anastomosis was per-
formed .
Patient 3. This patient, who had undergone a Fontan
operation 5 years previously
. had episodes suggestive of
transient cerebral ischemia . .A transvenous pacemaker had
been placed for sinus node dysfunction 5 years preciously
and revised 12 months before thrombosis was detected
. The
pacemaker functioned normally and no arrhythmia was
present
. Transthoracic echocardiography demonstrated no
right to left atral shunting by Doppler color flow mapping or
after peripheral venous saline contrast injection : the pace-
maker lead could be seen only c.
the lower right atrium and
there was no evidence of thrombus . In contrast . transesooh-
:geal
echocardiography
detected a 2-cm thrombus at the
upper posterior right atrium. Additional focculent thrombus
material associated with spontaneous microcavitations was
present around the pacing lead . No thrombus was present in
the left atrirm or its appendage . Anticoagulation with war-
farir was initiated
. Follow-up transesophageal echocardiog-
raphy performed 12 months later showed increased density
of the thrombus . which was clearly attached to the pace-
maker lead. Again, the thrombus could not be seen with
transthoracic echocardiography .
Patient 4 (r;g, 3). This patient underwent placement of
transvenous pacing leads and an antaachycardia pacemaker
10 days before the transesophageal echocardiographic smdv .
Elective transthoracic echocardiography showed an abnor-
mally thickened appearance at the pacing lead : therefore,
transesophageal echocardiography was performed and defin-
itively showed additional multiple thrombi on and around the
atria) pacing lead (Fig . 3), The patient was treated with
warfarin, with reduction of thrombus as judged by trns-
thv,v c c'hocardiography .
Discussion
Echocardiography for thrombus after The Forithin opera .
tiun
. The detection of thrombus formation with surface
echocardiography in patients after the Fontan operation has
been previously reported. When pulmonary embolism or
thrombosl is considered as a definite diagnostic possibility,
techniques such as pulmonary angiogtaphy and nuclear flow
studies have been helpful adjuncts (1-fi) . However, atria) or
vena caval thrombi may not be detected with surface echo-
cardiography (12,13), perhaps because thrombi can be mum[
or located in posterior structures such as the caval-
atriopulmonary anastomosis, which is relatively inaccessible
to transthorcic echocardiographic examination . In postop-
erative patients, surgical hardware such as chest tubes, the
presence of edema and surgical dressings may also limit
echocardiographic examination, The superior efficacy of
1736
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transesophageal over transthoracic echocardiography for the
detection of atria) thrombi was recently reported in patients
with mitral stenosis (9). suspected pulmonary embolism (11)
or embolic causes of transient ischemic attacks (8-10,15).
In this study, transesophageal echocardiography was
successfully used to confirm the dissolution of thrombus and
show reestablishment of pulmonary blood flow by Doppler
color mapping after streptokinase infusion and anticoagula-
tion . These cases demonstrate the utility of the transesoph-
ageal technique for m3nitoring thrombolytic therapy by
confirming both anatomic and physiologic evidence of reso-
lution of thrombosis . No adverse effects of transesophageal
echocardiography occurred in our patients although they had
full anticoagulation.
The finding of unsuspected thrombi not detected by
transthoracic echocardiography suggests that transesoph-
ageal echocardiography or inferior vena cava angiography
should be performed in patients who have had a Fontan
operation, either during postoperative catheterization or
before catheter manipulations such as closure of atrial baffle
fenestrations with catheter-loaded devices. Left atria)
thrombi have been excluded in other studies (9) with use of
transesophageal echocardiography performed before balloon
mitral valvuloplasty . Thrombi could he inadvertently dis-
lodged by catheters, with devastating consequences of em-
bolization .
Pacing lead thrombosis
. The likelihood of thrombus for-
mation may be increased in patients who have had the
Fontan operation and who have an endocardial atrial pace-
maker because of the presence of a pacing lead in the atrium
(16-19) . Therefore, further studies using transesophageal
echocardiography may be indicated after lead placement in
these patients when the resells of transthoracic echocardiog-
raphy are unsatisfactory . The incidence of pulmonary em-
Figure 3. Patient 4 . A transvenous pacing catheter
(p) is seen coated with thrombus (single arrow) .
Additional th,omhotic material associated with the
pacing lead is seen in the atrium (double arrows),
holism from pacemaker lead-associated thrombi in these
patients is unknown, but has been low in asymptomatic
patients without congenital heart disease (16-19).
Conclusions. Transesophageal echocardiography pro-
vides a unique view of the caval-pulmonary connection and
adjacent structures in patients after the Fontan operation
(12,13). This technique significantly enhanced our ability to
diagnose thrombus formation that was undetected by trans-
thoracic echocardiographic examination during six episodes
in four patients . These thrombi may occur after The Fontan
operation more frequently than was previously believed .
However. the indications for anticoagulation in patients
undergoing this procedure are not yet defined (4,5).
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